Introduction
The nutrition community has provided general dietary guidelines aimed at decreasing the incidence of coronary heart disease (CHD) through normalizing plasma lipoprotein concentrations. One of these recommendations has been to limit intake of high-cholesterol foods, such as eggs, in an attempt to reduce plasma total cholesterol and low-density lipoprotein (LDL) cholesterol (LDL-C) concentrations. However, extensive research does not support a consistent relationship between egg intake and CHD incidence [1, 2] . A review [2] of multiple casecontrolled studies, which measured intake of cholesterol and disease incidence, found that a relationship could not be clearly established between this dietary component and increase in CHD risk. Furthermore, data gathered from the Lipid Research Clinics Prevalence Follow-up Study [3] , which examined both men and women (n ¼ 4546), found that no significant relationship existed between deaths attributable to CHD and dietary cholesterol intake. Analyses of several studies have also failed to find an association between the incidence of CHD and egg consumption [4, 5 ] . In contrast two studies have shown association with egg intake and CHD [6 ,7] . However, the NIPPON DATA 80 (National Integrated Project for Prospective Observations of Non-communicable Diseases) reported this association in women but not in men [6 ] .
The lack of association between egg intake and CHD reported in these epidemiological studies [1-4,5 ] could partly be explained by the fluctuations in response to dietary cholesterol among all individuals, which varies from no change to slight or higher increases in plasma cholesterol. However, it is important to note that for those individuals (one-third of the population) who have a higher response to dietary cholesterol there is a consistent increase in both plasma LDL-C and highdensity lipoprotein (HDL) cholesterol (HDL-C) concentrations with no alterations in the LDL-C/HDL-C ratio. This interindividual variation in response to dietary cholesterol can be attributed in part to factors such as gender, age, hormonal status and obesity. However, this variation could also have a significant genetic component, mediated in part by candidate genes involved in lipoprotein metabolism. The presence of a variant allele may influence the metabolism of nutrients in a way that deviates from classical understanding.
There are very limited studies addressing the effects of different genotypes on the response to dietary cholesterol. One study reported that individuals identified as homozygous for the variant adenosine-binding cassette (ABC) transporter G5 allele (G/G) have greater plasma total cholesterol response to dietary cholesterol intake [8] whereas other reports have failed to establish a relationship between specific genotypes and response to dietary cholesterol [9] . The effect of the A278!C promoter polymorphism on the rate-limiting enzyme of conversion of cholesterol to bile acids, cholesterol 7a-hydroxylase (CYP7A1), was studied in 496 normolipidemic subjects [10 ] . Subjects were challenged with a mean intake of 742 mg/day of dietary cholesterol for a duration of 3-4 weeks. All subjects had a significant increase in HDL-C following the dietary cholesterol challenge. The CYP7A1 polymorphism was found to have a significant effect on the increases in HDL-C [10 ].
The following will address the effects of dietary cholesterol in different populations varying in gender, age and ethnicity.
Eggs and plasma lipids in different populations
The current dietary recommendations of no more than 300 mg of dietary cholesterol per day pose a controversial issue for those individuals who might derive health benefits by including eggs in their diets while simultaneously not increasing their risk for CHD. Clinical trials conducted in children [11 ] , younger adults [12, 13] and the elderly [14, 15] have demonstrated clearly that whereas dietary cholesterol provided by eggs increases LDL-C in one-third of the population, those subjects considered hyperresponders to a cholesterol challenge exhibit increases in both LDL-C and HDL-C with the result of no changes in the LDL-C/HDL-C ratio, a major predictor of CHD. It is important to note that other countries such as Canada do not support the idea of recommending an upper limit for dietary cholesterol [16 ] and their policies are restricted to control the intake of saturated fat and trans fat as major determinants of blood cholesterol concentrations.
It is clear that the composition of the diet influences lipoprotein concentration, composition and metabolism [17] , which may affect the development of atherosclerosis and CHD. The association between elevated LDL-C and an increased risk for CHD has been well documented. However, LDL particles are heterogeneous with regard to size, density, composition, charge and atherogenicity [18] and these characteristics need to be taken into consideration when we evaluate the effects of diet on plasma lipoprotein levels and atherogenic potential.
Eggs are a central food item in Mexico, which spans all socioeconomic classes. Because the northern part of Mexico is characterized by dyslipidemias conducive to the metabolic syndrome [19 ] , we evaluated the effects of consuming two whole eggs per day compared to egg whites only, on plasma lipids and the atherogenicity of the LDL particle in Mexican children aged 10-12 years [11 ] . We reported that the increases in plasma cholesterol due to dietary cholesterol were present in one-third of the children and were associated with increases in both LDL and HDL with no alterations in the LDL-C/ HDL-C ratio. In addition, egg consumption resulted in the formation of buoyant LDL particles associated with pattern A. The significance of this finding derives from the high prevalence of pattern B LDL present in this population [19 ] . A predominance of LDL particles in this pattern B subclass has been shown to be associated with a 3-fold increase in CHD risk [18] , which may be due to the easy entry of the particle into the arterial wall and its high susceptibility to oxidation. Thus, egg consumption did not alter the LDL-C/HDL-C ratio in these Mexican children and there was a shift of LDL size to a less atherogenic particle.
Another study with children evaluated the potential beneficial effects of eggs in those individuals suffering from Smith-Lemli-Opitz syndrome, which is a condition of impaired cholesterol synthesis and birth defects related to mental retardation [20 ] . Dietary cholesterol provided by eggs increased both LDL-C and HDL-C in these children, suggesting that egg intake may be a potential therapeutic for this condition.
Studies conducted in men aged 20-50 years old [12] and in premenopausal women [13] have also had similar results. In the female study, 50% of the participants were of Hispanic origin [13] . Men and women classified as hyporesponders to dietary cholesterol (70% of the population) had no changes in LDL-C or HDL-C after consuming three eggs a day for 30 days. In contrast, those individuals who were classified as hyperresponders did experience an increase in both LDL-C and HDL-C. In addition, intake of eggs resulted in the production of larger LDL particles with no increased susceptibility to oxidation [21 ] . These results indicate that premenopausal women and men with initial plasma cholesterol concentrations that place them at a low risk for CHD do not experience the development of an atherogenic lipoprotein profile following the consumption of additional dietary cholesterol, regardless of their response classification.
By the year 2020, the number of people worldwide over the age of 60 is expected to reach 1 billion, which suggests that the incidence of age-related disease will continue to increase. Widely accepted risk factors that have been identified for CHD may not be applicable to elderly populations. Although elevated total cholesterol values have been shown to predict CHD risk in middleaged individuals, this parameter does not seem to be relevant for the elderly demographic [22 ]. However, low-fat diets are commonly prescribed to many elderly individuals in an attempt to lower elevated total cholesterol concentrations. Unfortunately, restriction of fat and cholesterol from the diet often results in the inclusion of foods high in simple sugars. This change in diet composition can be detrimental, causing increases in triglycerides, which are generally accompanied by low HDL-C levels. Low HDL-C has been identified as the best indicator of CHD risk in elderly individuals [22 ] . Furthermore, the consumption of a diet high in simple sugars can cause changes in lipoprotein metabolism that result in the production of smaller, more dense LDL particles [18] . In a study conducted in postmenopausal women and men 60 years or older, similar results to the younger populations were observed [14] , with no changes in the LDL/HDL in those individuals classified as hyperresponders and a shift to the larger, more buoyant, LDL particle. Furthermore, the increases in HDL were associated with larger HDL particles and the number of LDL particles and apolipoprotein B concentrations did not change following egg consumption, confirming that egg intake resulted in the formation of larger LDL [14] . Similar results were reported in a study conducted in 110 elderly Japanese subjects who were fed an additional 750 mg of dietary cholesterol for 4 weeks [15] . Subjects experienced a significant increase in HDL-C with no changes in LDL-C at the end of the dietary treatment. However, there were significant increases in the larger LDL particle as well as the less dense HDL (HDL 2 ) [15] .
Another study carried out in 18 healthy lacto-vegetarian Indians demonstrated an increase in blood cholesterol in subjects after 4 weeks of consuming one boiled egg per day [23]. However, the mean LDL-C and HDL-C were not different after 8 weeks of egg consumption although some hyperresponders still presented elevations in total cholesterol after this period of time [23].
To evaluate whether insulin resistance with or without obesity influences the response to dietary cholesterol [24], 197 healthy subjects participated in a randomized crossover design and were fed no, two or four eggs per day for 4 weeks with a 1 month washout between periods.
The subjects were classified as insulin-sensitive (n ¼ 65), insulin-resistant (n ¼ 75) and obese insulin-resistant (n ¼ 58). Insulin-resistant and insulin-sensitive subjects had a significant increase in LDL-C of 7.8 and 3.3% only, respectively, after consuming four eggs while obese insulin-resistant subjects had no changes in LDL-C when consuming no, two or four eggs. In contrast HDL-C was significantly increased for all groups even after the consumption of two eggs. These studies suggest that dietary management of obese insulin-resistant individuals could focus more on restricting calories rather than dietary cholesterol [24].
Eggs and carotenoids
Eggs also are major sources of lutein and zeaxhanthin, two potent antioxidants, which in addition to their protective effects against macular degeneration and cataract formation may also play a role in decreasing the susceptibility of the LDL particles to oxidation [25 ] . Epidemiological studies indicate an inverse relationship between intake of these carotenoids and both cataract and agerelated macular degeneration [25 ] . These carotenoids circulate in plasma mostly carried in the HDL particle.
Plasma lutein and zeaxanthin have been shown to increase significantly after egg supplementation in moderately hypercholesterolemic men and women [26] . We have demonstrated that in premenopausal women and younger men classified as hyperresponders there was a significant increase in lutein and zeaxanthin compared with those individuals classified as hyporesponders [27] . We also found that female hyperresponders had significantly higher plasma lutein concentrations than male hyperresponders following egg consumption, despite the finding that the dietary intake of lutein and zeaxanthin was similar between the groups. One explanation for why female hyperresponders had higher plasma lutein levels than men could be found in lipoprotein analysis. Female hyperresponders had significantly higher plasma HDL-C levels (76.0 AE 14.0 mg/dl) than males (48.7 AE 7.8 mg/dl) and therefore they experienced the same carotenoid response, possibly due to the fact that HDL is the major lipoprotein transporting lutein in plasma. Although increases in HDL-C may begin to explain the differences between gender groups, hyperresponders as a whole must be enhancing another mechanism, such as absorption, that would allow initially more carotenoids to enter into the plasma pool.
Conclusion
This review of recent clinical trials using eggs as a major source of dietary cholesterol presents reliable evidence that in multiple populations, including children, young adults and the elderly, there are consistent results on both plasma cholesterol distribution in lipoprotein classes and on the formation of larger LDL. The maintenance of the LDL-C/HDL-C ratio, the presence of more buoyant LDL without increases in the susceptibility of LDL to oxidation and the increased concentrations of lutein and zeaxanthin seen in these individuals clearly suggest that healthy populations benefit from egg consumption.
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